Recent high-resolution studies of the electron plasma line show that the difference between the upshifted and the downshifted frequency does not depend only on the electron drift in the plasma and on the electron temperature through the classical dispersion relation using the Maxwellian electron distribution. The difference contains an additional strong nonlinear dependence on the electron temperature. We show here that the origin of this shift in the center frequency between the upshifted and downshifted lines can easily be due to heat flows {n the electron gas. We present a new expression for the dispersion relation that includes the heat flow contribution, and we use a recently acquired data set to demonstrate that the heat flow correction produces the right kind of results. For radar frequencies around 1000 MHz and plasma frequencies of the order of 7 MHz, this means that an electron temperature gradient of the order of 1 K/km can produce a difference approaching 500 Hz between the upshifted and downshifted frequencies. This shift in frequency is important, as it is comparable to the shift caused by parallel currents of a few microamperes per square meter.
INTRODUCTION
The application of the incoherent radar technique does not often include an analysis of the electron plasma line. In part, this is because one can, with the ion line alone, determine the plasma density and drift as well as the ion and election temperatures. Yet there are many situations for which the information stored in the electron plasma line would be useful in order to resolve some of the ambiguity left from a single ion line analysis of the ionospheric plasma. This is particularly true at high latitudes during strong auroral conditions when the precipitation and fields can modify the chemistry as well as push the plasma a bit too far from the thermodynamical equilibrium configuration. High-latitude studies that could benefit from the information stored in the plasma line include problems involving ion composition changes [Lathuillere, 1987] , non-Maxwellian distortions in the ion velocity distribution due to strong perpendicular ion flows in the F region [Raman et al., 1981; Hubert, 1984 With recent improvements in the experimental technique, Kirkwood and Bjorna [1992] have recently reported on the determination of the electron temperature from the plasma line, using the EISCAT (European Incoherent Scatter) facility. As with earlier geometries they used the remote sites, Kiruna and Sodankyla, to perform those studies. The authors compared the downshifted lines and found that the electron temperature can be derived from these measurements.
We have just recently performed a plasma line experiment similar to that described by Kirkwood and Bjorna [1992] .
One essential difference is that the data that we will use for the present report came from the Tromso radar (backscatter mode), which means that we will use the upshifted and downshifted plasma lines. The data were obtained in May 1992, on three magnetically very quiet days. Our results show a consistent bias between the frequency difference of the upshifted and downshifted lines and the theoretical expectations based on a full numerical evaluation of the standard dispersion relation. We show that the difference between the existing theory and the observations is probably due to the presence of an electron heat flow term that we have added to the standard theoretical expressions. Our analysis implies that when heat flows are present, they introduce a correction term that should theoretically be proportional to (Te2'5/f• 3) dTe/dz to first order. The first interpretation that comes to mind for the difference between the observed and computed values of AF is that parallel currents (i.e., (v) not equal to the ion drift) were present. This is a standard interpretation as well, but it would imply [Bauer et al., 1976; Showen, 1979 ] that parallel currents of a few microamperes per square meters were constantly present for the several hours over which our measurements were taking place. This interpretation is very unlikely for the quiet sunlit conditions of our observations. However, a clue as to what was going on can be obtained from a closer look at Figures 2 and 4 . There, it can be seen that the largest differences between standard theory and observations were obtained on May 12, 1992, when the electron temperature was largest and the gradient of the electron temperature was also largest. Conversely, the smallest differences were obtained on May 16, 1992, when the electron temperature and, more remarkably, its gradient were smallest. This behavior very much suggests that the disagreement with theory came from a heat flow contribution along the magnetic field line. It is now important to note that a calculation of the standard dispersion relation for ionospheric plasma line determinations has, to our knowledge, never included a contribution from the third-order velocity moment given by (6). The reason is simple: a purely Maxwellian distribution has always been assumed to provide a reasonably accurate description of the electron velocity distribution. However, a Maxwellian distribution is a purely even function which can therefore not possibly include any odd moment. On the other hand, once this is recognized, the situation can easily be remedied.
One way to insert a correction into the dispersion relation that includes a heat flow contribution is to use it as part of a series expansion. To that end, we first notice that equation (1) takes into account all moments of the distribution function. One can see this by using the power expansion of (1), which is valid for a determination of the real part of the frequency [Chen, 1984, This is because while we can relate the heat flow to physically measurable prope•ies (electron temperature and electron temperature gradient), contributions from higher moments still are from distortions that are too small and too detailed to be related to anything that can be measured in practice. Another way to state this is to say that our approximation is consistent with standard transport theory, which supposes that the heat flow is related to a pe•urbation from the MaxwellJan distribution which is already small, so that higher odd moments yield even smaller contributions that can be neglected in practice. The considerations from this and the previous paragraphs mean that (7) can be rewritten as { } We can also reinforce our conclusion that heat flows are important with a second look at our own data set: In Figure  5a we have compared the measured plasma line frequency differences AF with the differences calculated using (8), (5), and (6). One can see that the theory and experiment are in much better agreement in this case, although there still remain some systematic differences, at least for the data from May 12, 1992.
The limited nature of the present data set (only three days, each with basically constant conditions) precludes carrying the comparison too far at this point. It seems worthwhile, nevertheless, to consider briefly some possible origins for the remaining level of discrepancy. Looking at the experimental aspects first, we have to admit that our way of determining the electron temperatures and their gradients at the altitude of the peak plasma line emission was rather crude to start with. The gradients were estimated by subtracting the temperatures in the ion gates just above and below the altitude from which the plasma line was most intense. Likewise, the electron temperatures at the heightof interest for the plasma line study were determined by taking the mean between the two neighboring altitude gates at which ion line data were received. To see how sensitive the results were to such a crude estimation, we repeated the calculations of Figure 5a by using the electron temperature from the upper ion gate rather than a straight linear interpolation between the two gates. The results indicate that the agreement with the theoretical computations would then improve in all cases but that a clear systematic difference would still exist.
We should also investigate possible uncertainties from the theoretical point of view. Thus equation (5) was derived by Banks [1966] with the addition of a contribution from electron-neutral collisions, which we have assumed had a negligible effect around 300 km. If electron-neutral contributions were to matter, they would decrease the contribution from the heat flow term in our results. The expression derived by function, whether it is caused by asymmetries in the photoelectrons or in the "thermal part" of the distribution. In that sense the effect of the photoelectrons is included in (9). However, substantial photoelectron fluxes could affect (5) if their effect was to render the departures from a Maxwellian distribution too significant. This question is left for future studies, preferably after more data can be used to see how close to the zeroth-order expectation the observations really are.
CONCLUSION
We have shown that a heat flow correction term should be added to standard plasma line computations. The corrections added by this heat flow term are important if one is looking at systematic differences between the upshifted and downshifted plasma lines at the kilohertz level and when electron temperature gradients are of the order of 1 K/km or more. A preliminary data study has shown that the theoretical correction to the standard dispersion relation that is brought in by the electron heat flow seems to be in good agreement with various observations. This means that extra care will have to be taken in the analysis of the plasma line in the presence of electron temperature gradients. This is particularly true at high latitudes, precisely where a plasma line reduction would be most needed in order to reduce the number of parameters that one has to process with the ion spectrum alone.
